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ABSTRACT 
 
Thermal conductivity is the fundamental material property that is essential for characterizing the heat 
transfer. The measurement of thermal conductivity includes the measurement of the heat flux and 
temperature difference. The difficulty of measurement is always associated with heat flux 
measurement. None of the thermal conductivity measurement instrument has provided in UTHM and 
this consequently a number of projects that involves measurement of thermal conductivity cannot be 
carried out. This study aims to design, fabricate and develop a reliable instrument to measure the 
thermal conductivity. The design of the instrument was the simplified of the Guarded Hot Plate Method 
but a plate has been changed with block to see the effects of thermal conductivity value. The Guarded 
Hot Plate Apparatus is the most accurate method used to measure thermal conductivity of engineering 
applications. In other words, that apparatus is suitable for engineering applications. The level of 
reliability that based on the accuracy and consistent will be proven by comparing the experimental 
value with the theoretical value. The decision was made up upon determining the thermal conductivity 
for aluminium to test the level of reliability of the thermal conductivity measurement instrument. The 
result of the experiment depicted that still a small difference between the theoretical value and 
experimental value, but the best part of the instrument is it able to present almost constant temperature 
value and thermal conductivity value against time. This depicted the exact level of this instrument 
compared to the existing instrument. 
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1.         INTRODUCTION  
 
Heat is form of energy that can be 
transferred from one system to another 
system. Heat only can be transferred if 
systems have a temperature difference. 
Heat in generally can be transferred in three 
different modes including conduction, 
convection and radiation [1].Thermal 
conductivity,k, is the property of a material 
that indicates its ability to conduct heat. 
Nowadays, many of apparatus designed to 
measure thermal conductivity in market but 
none is provided in UTHM. Therefore, the 
thermal conductivity measurement 
apparatus has been developed. The 
apparatus for measuring thermal 
conductivity is important because besides 
thermal conductivity of aluminium known, 
it also can be used to determine thermal 
conductivity of another material if the 
material is solids material and remained in 
the range of temperature from ambient 
temperature up to 100 0C. From that 
requirement, a new thermal conductivity 
measurement apparatus has been 
developed.  
 
The objectives of this study are to design, 
fabricate and develop a thermal 
conductivity measurement apparatus for 
UTHM used. The principal method of 
measuring thermal conductivity on 
aluminium sample and a method 
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considered is guarded hot plate method and 
Fourier’s law fundamental is going to be 
applied.The variations in this equipment is 
using copper heating medium is in the form 
of block compared to the existing guarded 
hot plate method that uses copper plate 
heating medium and aluminium sample in 
block form. The power supplies to heater 
also in small amount that only 250 watt if 
compared with already apparatus where the 
power supplied is in big amount until upper 
of 1500 watt. Fourier’s Law fundamental is 
going to be applied;  
 = -kA . 
 
2.         LITERATURE REVIEW  
 
Nowadays, various of methods to measure 
thermal conductivity such as hot-wire 
method, guarded hot plate method, 3w 
technique, the steady state (absolute or 
comparative) technique, axial flow 
methods, radial flow method and etcetera. 
The guarded hot plate and hot-wire method 
will be discussed in depth later. The 
reasons why only the guarded hot plate and 
hot-wire method are selected because hot-
wire method and guarded hot plate method 
are  related on thermal conductivity 
measurement of engineering application 
while guarded hot plate design is selected 
because already design high in accuracy. 
Hot-wire method is based on dimensional 
radial heat flow and, thermal conductivity 
is measured by tracking the thermal pulse 
propagation induced in the sample by a 
heating Nickel alloy wire. Then, the 
temperature is measured on the wire by 
thermocouples [2].  
 
Figure 1 shows the complete experimental 
setup to measure thermal conductivity of a 
particular specimen where already Guarded 
hot plate apparatus consist of flat guarded 
heater plate, hot plate and cold plate as 
shown at Figure 2 where the hot plate and 
cold plate should be materials that have 
highly thermal conductivity, an example 
pure copper or silver. This apparatus uses a 
circular heat source. The specimen will be 
placed between hot plate and cold plate and 
that thermal will across the specimen and 
entering the cold plate. From Fourier’s Law 
a thermal conductivity value can be defined  
 
Figure 1. Exp. Setup by [2] 
 
 
 
 
Figure 2. The guarded hot plate [8] 
 
 
by formula: 
 
 
  
 Based on previous research, most of the 
common methods for determining the 
thermal conductivity of engineering 
applications are based on steady state one-
dimensional measurements. There are two 
basic types of steady state measurements: 
absolute and by comparison. The absolute 
method determines the power through a 
specimen directly by the electrical power 
input measurements. The comparison 
method uses a reference material of know 
thermal conductivity or a heat flow meter 
which is placed in series with the test 
specimen. The choice of method depends 
on several factors (accuracy desired, 
temperature range to be covered, kind of 
specimen, the total cost, fabrication, etc.). 
In general, the absolute method is more 
accurate than the comparison one [3][4].  
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 Among the absolute methods the guarded 
hot plate is the most widely used and 
precise method for determining the 
thermal conductivity on the range of 
interest and has been adopted by 
American Society for Testing and 
Materials as a Standard Method [5]. The 
name refers to an arrangement to prevent 
heat leaving the system through the edges 
of the sample. The basic guarded hot plate 
apparatus consists principally of a hot 
plate and a cold plate. The hot plate 
consists of a central or metering heater 
plate surrounded by an outer or guard 
heater plate with a small air gap in 
between. Outside of specimen is a metal 
plate known as cold plate, which 
maintains a temperature below that of the 
hot plate by circulating a fluid. The 
function of the metering heater is to 
produce the heat flux necessary to 
maintain a desired temperature gradient 
across the central measuring area of the 
specimen. The guard heater maintains a 
temperature close to the metering area to 
reduce radial heat flow from metering 
section of heater plate and specimen [6]. 
The conductivity of the specimen is 
calculated from the temperature difference 
of the central and cold plate, thickness of 
the specimen and the electrical heat input 
to the metering section of the central plate. 
The accuracy of the conductivity 
measurements in the conventional guarded 
hot plate apparatus depends on the 
maintenance of steady uniform 
temperature conditions (ΔT) and accurate 
evaluations of the measured quantities (s ). 
Another important factor is the balancing 
of temperatures across the gap between 
sample and hot part [7]. Thus, to design 
thermal conductivity measurement 
apparatus, the absolute consideration 
aspect are how to control heat losses to 
surrounding and problem related on heat 
flux because both of this influencing the 
performance of apparatus. 
 
 
3.0        METHODOLOGY 
 
During the development of the apparatus, 
there are 3 processes involved which are 
designing, prototyping and 
experimentation. These processes are very 
important to determine whether the 
designed apparatus meets the criteria or 
vice versa. In design process, there are 
three important parts which known as 
conceptual design, preliminary design and 
detailed design.    
 
During the conceptual design, 3 designs 
were made. Each design has their 
advantages and drawbacks. All three 
designs were made according to the 
concept. Design 1 was made based on the 
design of the existing guarded hot plate 
where copper is used as heating medium. 
However, in design 1 the major 
disadvantage is that the difficulty to place 
the heater. The advantages of design 1 are 
that it requires short heating time and 
sample can be tested in a variety range of 
surface area. Design 2 was made as adapted 
from design 1, where the difference is that 
its heating medium made of copper blocks 
and the sample will be covered by the 
block. The next design, design 3 is the 
continuation of the design revolution. This 
design was chosen as the new thermal 
conductivity measurement apparatus. This 
design was chosen because the criteria for a 
thermal conductivity measurement device 
were fulfilled and its revolutionary design. 
For instance, design 3 uses a small 
reservoir with internal water flow to 
provide a more uniform cooling effect to 
the copper block which will, in turn, affects 
the temperature of the sample. Moreover, 
this design also uses thermal insulator such 
as Rockwall board and fiber cloth to 
contain heating medium and wood is placed 
between heating and cooling medium to 
ensure temperature difference between the 
two medium.   
 
The next step is preliminary design, where 
all design as described previously is 
converted into drawings to provide clear 
vision of the designs. After all design 
drawings finished, detailed design takes 
place where details of each designs are 
shown in exploded drawings, orthographic 
drawings and isometric drawings. Soon 
after all three stages of design was 
completed, fabrication of the device 
commence where the main structure was 
built first. Then, the heater component was 
made. This is the hardest component to 
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Figure 3. Schematic of exp. setup 
 
fabricate because it consists of sub-
components which are Rockwall board and 
fiber cloth which is used to cover the whole 
heater medium except for the lower part. 
The next was the cooling medium, which 
was critical to fabricate small water 
reservoir. This is due to the sensitivity of 
water that needs enclosed fixtures to ensure 
that the reservoir does not leak during 
experimentation process.   
 
After fabrication process was successfully 
completed, the apparatus was tested with 
experimentation. Figure 3 was shown the 
schematic of overall process. In this 
process, aluminum was used as sample and 
Pico log was used as data recorder. 
Temperatures will only be recorded by the 
Pico log when its reading is approximately 
constant. The experimental value of 
thermal conductivity will be determined 
after temperature data obtained. 
Discussions and conclusion was made on 
the variation of experiment and theoretical 
values to determine some of the related 
problems.   
  
4.0        RESULT AND DISCUSSION 
 
Throughout the process of device 
development, from design process to 
temperature data collection, the best design, 
which was design 3 was chosen from the 
three initial designs based on the 
advantages and disadvantages of each 
design. The characteristics of design 3 have 
met the criteria of requirement which was 
lesser complexity and better data accuracy. 
This device was also different because it 
uses copper block as heating medium. 
Existing design uses copper plate as heating 
medium. This feature ease the process of 
placing the heating medium, however it  
      
      
      
       
 
 
 
 
      
          
Figure 4. Water used as a cooling source 
 
 
 
 
 
 
      
      
      
      
      
      
 
Figure 5. Thermal conductivity measurement 
instrument used fan as a cooling source [9] 
 
 
 
needs more time to achieve uniform surface 
temperature in the copper block. This 
device also uses water as cooling system 
(Figure 4) as compared to existing device 
that uses fan as cooling system (Figure 5) 
and evidently shows great error between 
experimental and theoretical values of 
thermal conductivity.  
 
Based on the temperature data recorded 
with Pico log, the result of calculation 
made to determine the value of thermal 
conductivity was 163.78 W/m.k compared 
to theoretical value of 154 W/m.k. The 
discovered error was 6.35% as shown in 
Table 1. This result shows that the small 
value of error was probably caused by heat 
leaks through the wood placed between 
heating and cooling medium. Besides that, 
the error might also be caused by 
inconsistency of temperature data when 
recorded. However, to achieve a constant 
temperature in experiments is nearly 
impossible since it requires a temperature 
controller to regulate the temperature.  
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Table 1. The Different between                
Theoretical value and Experimental value 
 
     
 
 
      
       
 
 
      
      
      
   
 
Figure 6. Graph Temperature vs Time 
 
 
Temperature controllers are expensive in 
the market. Based on the result, it was also 
evident that temperatures recorded from the 
hot and cold parts are almost constant along 
the range of time (Figure 6). 
 
 
5.0 CONCLUSION 
 
An analysis of the experimental data of this 
study led to the flowing conclusion, the 
level of reliability for thermal conductivity 
measurement instrument still have a range 
for improvement The decision was made up 
upon determining the thermal conductivity 
for Aluminium to test the level of reliability 
of the thermal conductivity measurement 
instrument. The thermal conductivity value 
of Aluminium from the experiment is 
163.78 W/m.°C respectively compared with 
the theoretical value is 154.0 W/m.°C, 
respectively. The percentage of error that 
encounter on Aluminium sample was 
6.35%, where that instrument still able to 
depicted accurate. Although there is still a 
small range between the theoretical value 
and experimental value, but the best part of 
the instrument is it able to present almost 
constant temperature value and thermal 
conductivity value against time. This 
depicted the level of consistent of the 
instrument. in this experiment can be seen 
that the error is probably due to heat loss to 
the environment through the wood gap 
where the wood acts as a separator and 
insulator between the copper block. In 
addition, the difference of theory and 
experiment value is also influenced by the 
rate of warming and cooling on the copper 
block. in this experiment, the rate of 
heating is so small where just 250 watts 
power of electricity acting to the heating 
medium in the form of copper block. 
 
 
6.0 RECOMMENDATION  
 
In future, other equipment can be added on 
in this instrument in order to increase the 
accuracy. As example, the temperature 
controller can be added to make 
temperature constant perfectly. But a 
component is expensive. So, another 
alternative is to use economical 
components such as thermostat to control 
temperature. Another equipment can be add 
to make the perfect value of thermal 
conductivity are flow meter, water pump 
and so on. Flow meter and pump can 
ensure the water flow in the cold plate 
constantly and can determine the exact 
volume. Beside this, a cold contact medium 
also can be improved where the acrylics 
water reservoir just has little cooling effect 
when water flowed in it. Acrylics reservoir 
can be changed with ceramics reservoir 
because the ceramics material has a low 
thermal conductivity compared than 
acrylics where it can make more effect on 
cold part. Also, the instrument should have 
built a suitable place to install the 
thermocouple instate of put the 
thermocouple in the opening place and 
better the thermocouple is fixed at this 
apparatus and  make work easily to connect 
with pico log to define temperatures. 
Moreover, the thickness and the area of 
copper block should be studied in order to 
get uniform and constant temperature. 
Here, can be seen for copper block is 
difficult to get uniform temperature. For 
this testing, the data only can be recorded 
after 1 hours after temperatures seen 
constantly. Actually, for this heater, the 
maximum temperature can be produced is 
within 50 °C. Therefore, it takes time for 
uniform. We also should consider the 
thickness of auxiliary insulation and 
Material Ktheory 
(W/m.K) 
Kexp 
(W/m.K) 
Error 
(%) 
Aluminium 
6061 
154 163.78 6.35 
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determines its role in error reduction. 
Besides, an analysis should be carried out 
to determine the gap width which can 
further reduce the error in the apparatus. 
This analysis is important to find out the 
best design can be that obtained in order to 
reduce the error in this apparatus. 
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